Radial rift and block tectonics around the Tharsis bulge: Introductional postulation by Raitala, J.
RADIAL RIFT AND BLOCK TECTONICS AROUND THE THARSIS 
BULGE: INTRODUCTIONAL POSTULATION. J .  R a i t a l a ,  JPL, CALTECH, 
Pasadena ,  CA 9 1 1 0 9  (on  l e a v e  from Department o f  Astronomy, 
U n i v e r s i t y  o f  Oulu, Oulu,  F i n l a n d ) .  
The c r e s t  o f  t h e  T h a r s i s  b u l g e  d i s p l a y s  t e n s i o n a l  t e c t o n i c s  
e s p e c i a l l y  w i t h i n  t h e  N o c t i s  Labyr in thus  a r e a  (I). Other  ad- 
j o i n i n g  t e n s i o n a l  t e c t o n i c  s t r u c t u r e s  a s s o c i a t e d  w i t h  t h e  b u l g e  
a r e  t h e  numerous r a d i a l  f o s s a e  g r a b e n s ,  V a l l i s  M a r i n e r i s  v a l l e y  
and o t h e r  v a l l e y s  and s u r f a c e  d i s c o n t i n u i t i e s .  These s t r u c t u r e s  
a r e  much more complex t h a n  t h e  b u l g e  c r e s t  a l t h o u g h  coup led  
t o g e t h e r .  
The o r i g i n  o f  t h e  r a d i a l  s t r u c t u r e  sys tem can e v i d e n t l y  b e  
t r a c e d  back t o  t h e  T h a r s i s  b u l g e  u p l i f t .  The c l a s s i c a l  concep t  
o f  t r i p l e  j u n c t i o n s  c o u l d  be  i n v o l v e d  a l t h o u g h  t h e  r a d i a l  p a t t e r n  
c o n s i s t s  r a t h e r  o f  s e v e r a l  m u l t i p l e  j u n c t i o n s ,  The V a l l i s  
M a r i n e r i s  canyon c o u l d  e a s i l y  be  i n t e r p r e t e d  a s  r e s e m b l i n g  a  
r i f t  which forms a n  a u l a c o g e n .  O t h e r  f o s s a e  graben zones c l e a r l y  
r esemble  l i n e a r  r i f t  zones e x t e n d i n g  outwards  from t h e  T h a r s i s  
b u l g e .  
Although t h e  V a l l i s  M a r i n e r i s  canyon and r a d i a l  f o s s a e  
g r a b e n s  have  been e x t e n s i v e l y  s t u d i e d ,  t h e i r  o r i g i n  and forma- 
t i o n  mechanism i s  s t i l l  t h e  s u b j e c t  o f  numerous q u e s t i o n s .  
P o s s i b l e  r i f t  f o r m a t i o n  i s  o n l y  one p o i n t  o f  view and does  n o t  
e x p l a i n  t h e  r i f t i n g  mechanism and t h e  r a d i a l  p a t t e r n  o f  t h e s e  
s t r u c t u r e s  around t h e  T h a r s i s  b u l g e .  Both a c t i v e  and p a s s i v e  
r i f t i n g  must be  t a k e n  i n t o  accoun t  ( 2 ) .  An a c t i v e  mechanism can 
b e  e a s i l y  a c c e p t e d  i n  t h e  c a s e  o f  t h e  T h a r s i s  bu lge  i t s e l f ,  
where doming i s  a s s o c i a t e d  w i t h  t h e  m a n t l e  plume impinging on 
t h e  l i t h o s p h e r e  and c a u s i n g  u p l i f t  and v o l c a n i c  e x t r u s i o n s .  The 
a c t i v e  v o l c a n i c  doming and v o l c a n i c  complex b u i l d i n g  i s  coup led  
w i t h  t h e  m a n t l e  and lower  l i t h o s p h e r e  s w e l l i n g ,  which i n  t h e  
c a s e  o f  t h e  T h a r s i s  b u l g e  was r e g i o n a l  a round t h e  deep s o u r c e  
of magma g e n e r a t i o n .  
The model o f  a c t i v e  doming and vo lcano  c o n s t r u c t i n g  i m p l i e s  
a  man t le  plume impinging on t h e  b a s e  o f  t h e  l i t h o s p h e r e ,  l i t h o -  
s p h e r e  t h i n n i n g ,  t h e  u p l i f t  o f  l i t h o s p h e r e  and c r u s t  ( 3 )  and 
opening o f  t h e  e x t r u s i o n  plumbing c h a n n e l s .  Very l a r g e  volumes 
o f  h o t  m a n t l e  m a t e r i a l  a r e  r e q u i r e d  t o  t h i n  t h e  l i t h o s p h e r e  by 
h e a t  t r a n s f e r ,  magma m i g r a t i o n  and p r e s s u r e  r e l e a s e  m e l t i n g  ( 3 ) .  
According t o  t h e  a c t i v e  mechanism t h e  b u i l d i n g  of a  v o l c a n i c  
complex l i k e  t h e  T h a r s i s  b u l g e  i s  caused  by t h e  r i s i n g  huge 
m a n t l e  plume and a d j o i n i n g  e x t r u s i o n s  which t a p  t h e  g e n e r a t e d  
magma. 
The s u r r o u n d i n g  f o s s a e  and v a l l e y  s t r u c t u r e s  a r e  caused  
by more p a s s i v e  c r u s t a l  r i f t i n g  due t o  t e n s i o n a l  f a i l u r e  o f  t h e  
s u r f a c e  l a y e r s .  The main r i s i n g  m a n t l e  plume a c t i v a t e d  and r e -  
g e n e r a t e d  a  f a i l u r e  p a t t e r n s  r a d i a l  t o  t h e  c e n t r e  of a c t i v i t y  
( 4 ) .  These r a d i a l  zones o f  weaknes a r e  t h e n  most e a s i l y  u t i l i z e d  
by t h e  r i s i n g  mant le  plume. Deep zones o f  weakness r e g u l a t e  t h e  , 
p e n e t r a t i o n  and d i s t r i b u t i o n  o f  h o t  m a n t l e  r o c k  i n t o  upper  l e v e l s  
w h i l e ,  c o n t r a r i l y ,  t h e  e f f e c t i v e  impingement o f  t h e  h o t  m a n t l e  
plume i n t o  t h e  l i t h o s p h e r e  opens up new weakness zones .  T e n s i o n a l  
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stresses from below the lithosphere make it fail. If the mantle 
uplift and doming is strong enough to break the lithosphere and 
crust but does not raise volcanic extrusions some kind of rift 
tectonics is acquired. 
The branches of the main Tharsis mantle plume spread radial- 
ly aroud the central volcanic area causing I) radial fault open- 
ing, 2 )  adjoining minor doming and rifting along these fault 
zones and 3 )  minor block movements or stress transmissions 
through the blocks. The lithosphere is cold and dense in respect ' 
to the hot mantle rocks of the asthenosphere below and the de- 
creased volcanic activity at the plume branches may instead occur 
in the form of intrusions than extrusions. The heated and in- 
truded lithosphere is then slightly uplifted and domed which 
causes tensional opening of the initial crustal failure zone. 
There are several main fossae/valley graben zones through 
the Tharsis bulge area. The SW-NE fossae graben zone evidently 
controlled the location of the major plumbing system and the 
formation of major Tharsis volcanoes: Arsia, Pavonis and Ascraeus 
Mons. There are also some smaller volcanoes at the northeastern 
Tharsis slope of this zone. Sirenum and '~emnonia Fossae penetrate 
far-into the terra highland southwest of the Tharsis bulge while 
the Tempe and Mariotis Fossae and Kasei Vallis valley system cut 
large terra highland islands which are surrounded by lava-flooded 
plains. 
The large terra highland block southeast of the Tharsis 
bulge is bounded by Claritas/Thaumasia Fossae, Noctis Labyrinthus 
and Valles Farineris. Noctis Labyrinthus is situated at the 
highest crest of the Tharsis main bulge, the Syria Planum Swell, 
where the pattern of tensional fractures were created due to the 
major updoming ( 1 ) .  The Claritas and Thaumasia Fossae are 
associated with crustal doming as are also the extensional 
structures of Valles Marineris. The deep excavation of Valles 
Marinenis is not caused solely by the doming although the erosion 
has evidently been strengthened by block margin tectonics. 
There are several Thaumasia Fossae grabens which tend to cut 
the Solis-Sinai block concentrically to the Tharsis bulge. They 
do not extend as far as the Vallis Marineris border, however, 
but an interesting structural phenomenon is the abrupt steep 
2., fault-like extension of this zone nortward from the Vallis 
Marineris and perpendicular to it. Several major floods seem to 
have their origin within the intersection area of this north- 
south fault concentric to the Tharsis area north of Valles 
Marineris. 
At the another northwestern side of the Tharsis bulge there 
is the Olympus Mons volcano and its large lava-plain aureole 
and adjoining grabens. The Olympus Mons area is beside the 
Tharsis bulge and can be considered to form a volcanic dome of 
its own, the Olympus Swell. This swell area has extruded a con- 
siderable amount of volcanic material and been active over a long 
period of time. It is possible to propose that the Syria Planum 
Swell, Pavonis Mons and Olympus Swell form a NW-SE structural \ 
zone which is perpendicular to the NE-SW zone of the main Tharsis 
volcanoes and adjoining NE-SW fossae grabens. This NW-SE zone is, 
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however,  n o t  s o  un i fo rm and c l e a r  and t h e  a c t i v e  c r u s t a l  f a u l t -  
i n g  a s s o c i a t e d  w i t h  it b r a n c h e s  i n t o  two f o s s a e  and v a l l e y  zones 
c u t t i n g  a  s o u t h e a s t w a r d  s t r e t c h i n g  c r u s t a l  b l o c k .  The plumbing 
sys tem,  and o f  c o u r s e  t h e  m a n t l e  plume connec ted  w i t h  t h e  Thars is  
b u l g e  h a s  been e f f e c t i v e  and un i fo rm l e a v i n g  t h e  Olympus Swel l  
t o  be  o f  minor impor tance .  
The Alba  p a t e r a  a r e a  h a s  a l s o  s l i g h t l y  domed and f a u l t e d ,  
a s  have  t h e  Sirenum/Memnonia and C l a r i t a s / T h a u m a s i a  Fossae .  
Alba and Olympus S w e l l s  have  been " a c t i v e "  i n  a  s i m i l a r  manner 
t o  t h e  main T h a r s i s  b u l g e  i t s e l f .  The Alba Swel l  was a s s o c i a t e d  
w i t h  o l d  c r u s t a l  doming and major  v o l c a n i c  e x t r u s i o n s .  The 
f o s s a e  g raben  zones r a d i a l  t o  t h e  T h a r s i s  b u l g e  were r e l a t i v e l y  
p a s s i v e  i n  r i f t i n g .  There  i s  no w e l l  d e f i n e d  r e l a t i o n s h i p  w i t h  
major  T h a r s i s - l i k e  v o l c a n o - b u i l d i n g  a l t h o u g h  t h e  Alba P a e e r a  
a r e a  h a s  a s l i g h t l y  e l e v a t e d  topography .  A s t r o n g  c a s e  can  b e  
made f o r  c l a i m i n g  t h a t  t h e  Alba P a t e r a  f o s s a e  can  be  s e e n  t o  
have  been caused  by a  b ranch  plume a s s o c i a t e d  w i t h  t h e  e a r l y  
s t a g e  o f  t h e  major  T h a r s i s  plume development .  
The Sirenum and Memnonia f o s s a e  a r e  n e l a t i v e l y  p a s s i v e  r i f t  
b r a n c h e s .  T h e i r  r i f t i n g  and f a u l t i n g  can  be  c o n s i d e r e d  t o  have  
been caused  by t h e  T h a r s i s  plume e x t e n s i o n  a l o n g  a  major  p re -  
v i o u s  f a u l t  zone d i r e c t i o n  a l s o  below t h e  nea rby  h i g h l a n d  a r e a s .  
The h o r i z o n t a l  e x t e n s i o n  was r e l a t i v e l y  s m a l l .  There  was no 
i m p o r t a n t  v o l c a n i c  a c t i v i t y  a l o n g  t h i s  s o u t h w e s t e r n  b ranch  o f  
t h e  T h a r s i s  plume e x c e p t  w i t h i n  t h e  T h a r s i s  a r e a  i t s e l f  n e a r  
t h e  A r s i a  Mons vo lcano  ( 5 ) .  The s o u t h w e s t e r n  p a r t  o f  t h e  T h a r s i s  
a r e a  seems t o  have  been e x c e p t i o n a l l y  a c t i v e  and t h e  A r s i a  Mons 
i s  c o n s i d e r e d  t o  be  t h e  Mars' most r emarkab le  vo lcano .  T h i s  
enormous a c t i v i t y  may b e  p a r t l y  e x p l a i n e d  by t h e  e x i s t e n c e  o f  
t h e  proposed t h i c k  h i g h l a n d  l i t h o s p h e r e  which dammed o f f  t h e  
main impinging plume t o  w i t h i n  n e a r  t h e  c e n t r e  o f  t h e  T h a r s i s  
a r e a .  
The l o c a t i o n  and o r i e n t a t i o n  (NE-SW d i r e c t i o n )  o f  Sirenum 
and Memnonia f o s s a e  i n d i c a t e  t h a t  t h e y  a r e  c l o s e l y  a s s o c i a t e d  
w i t h  T h a r s i s  development .  I t  seems l i k e l y  t h a t  t h e  f o s s a e  
graben f o r m a t i o n  was t h e  r e s u l t  o f  s t r e s s e s  developed d u r i n g  
t h e  impinging o f  t h e  plume i n t o  t h e  l i t h o s p h e r e .  T e c t o n i c s  o f  
t h e s e  f o s s a e  a r e  r e l a t e d  t o  t h e  c r u s t a l  b l o c k  f o r m a t i o n  a s  a 
consequence o f  t h e  c o n v e c t i n g  Mar t i an  m a n t l e .  
The Kase i  Val l is '  e r o s i o n a l  c h a n n e l  j u s t  n o r t h  o f  Lunae 
Planum i s  an  example o f  a  v a l l e y  sys tem r a d i a l  t o  t h e  T h a r s i s  
b u l g e .  I t  h a s  been plowed open and wide by s u r f a c e  f l o w s ,  which 
have  d e s t r o y e d  most o f  t h e  o r i g i n a l  r a d i a l  s t r u c t u r e s .  There  
a r e  o n l y  some f r a g m e n t a l  g raben  b r a n c h e s  and p a t t e r n s  t o  be s e e n  
w i t h i n  t h e  a d j o i n i n g  i s l a n d s  and h i g h l a n d s .  Kase i  Vall is  l i e s  
a l o n g  t h e  n o r t h e r n  boundary o f  t h e  Lunae Planum b l o c k  forming 
a  b road  zone between it and t h e  Tempe T e r r a .  The Kase i  Vallis 
f o s s a e  h a s  no such  we l l -deve loped  g raben  p a t t e r n  a s  o t h e r  f o s s a e  
e i t h e r  because  t h e  s u r f a c e  f low e r o s i o n  d e s t r o y e d  o l d  g rabens  
o r  t h e  c r u s t a l  doming was n o t  s o  e f f e c t i v e  h e r e  and t h i s  t e c t o n k  , 
zone h a s  such  a  prominent  appearance  mainly  due t o  t h e  e r o s i o n  
which e f f e c t i v e l y  opened t h e  i n i t i a l l y  s l i g h t  s u r f a c e  f a u l t s .  
The e a r l i e s t  d e f o r m a t i o n  i n  t h e  v a l l e y  d a t e s ,  however,  from t h e  
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t e c t o n i c  p re - f low e r a  and e s p e c i a l l y  t h e  n o r t h e r n  v a l l e y  
boundary i s  n o t  shaped o n l y  by f low.  The s o u t h e r n  boundary was 
o b v i o u s l y  a  l i n e a r  zone o f  weakness.  There  i s  a  c o n t r o v e r s y  as 
t o  w e t h e r  t h e  Kase i  V a l l i s  w a s  t e c t o n i c a l l y  a c t i v e  o r  p a s s i v e .  
Some p r e s e n t  t e c t o n i c  s t r u c t u r e s  c o u l d  pe rhaps  b e  expa ined  as 
h a v i n g  been caused  by mass remova l s ,  b u t  t h i s  was s u r e l y  a n  
e f f e c t  o f  minor impor tance  and p o s s i b l y  o n l y  r e - a c t i v a t e d  
a l r e a d y  e x i s t i n g  f a u l f  s t r u c t u r e s ,  t h u s  g i v i n g  r a i s e  t o  some 
wel l -deve loped  g r a b e n  p a t t e r n s  b e s i d e  some most prominent  
e r o s i o n a l  c h a n n e l s .  The l o c a t i o n  o f  Kase i  V a l l i s  i n  t h e  r a d i a l  
p e r i p h e r a l  zone o f  t h e  T h a r s i s  a r e a  s u g g e s t s  q u i t e  a p a s s i v e  
r e s p o n s e  o f  l i t h o s p h e r e  movements and s u r f a c e  d e f o r m a t i o n  t o  
, t h e  impinging m a n t l e  plume i s  p o s s i b l e .  The Kase i  V a l l i s  i s ,  
' however,  a  w e l l - d e f i n e d  c r u s t a l  s u t u r e  between t h e  Lunae Planum 
r i d g e d  t e r r a  and Tempe T e r r a  f o s s a e  g raben  h i g h l a n d  and c o u l d  
be  r e g a r d e d  a s  a  boundary between t h e s e  h i g h l a n d  b l o c k s .  
The Tempe T e r r a  i s  c u t  by two s e t s  o f  f o s s a e :  Tempe Fossae  
which form a  n o r t h e a s t e r n  e x t e n s i o n  o f  t h e  Sirenum Fossae  - 
t h e  main T h a r s i s  v o l c a n i c  zone ,  and Mafieotis Fossae ,  which forms 
p a ~ t  o f  t h e  n o r t h w e s t e r n  boundary o f  t h e  Tempe T e r r a  a r e a .  Tempe 
Fossae e x t e n d s  i n t o  t h e  c r a t e r e d  p l a i n s  o f  V a s t i t a s  B o r e a l i s .  
The main doming and r i f t i n g  o f  t h e  n o r t h e a s t e r n  p e r i p h e r e a l  
T h a r s i s  plume seems t o  have  o c c u r r e d  w i t h i n  Tempe T e r r a  where 
l i t h o s p h e r i c  t h i n n i n g  may be  r e g a r d e d  a s  a  c a u s e  o f  h o r i z o n t a l  
t e n s i o n a l  s t r e s s e s  and g raben  f o r m a t i o n .  Tempe T e r r a  f o s s a e  
can  b e  c h a r a c t e r i z e d  by Tempe Swel l  f o r m a t i o n  due t o  t h e  m a n t l e  
plume p e n e t r a t i o n  i n t o  t h e  l i t h o s p h e r e .  
The prominent  o c c u r r e n c e  o f  a NE-SW zone may, o f  c o u r s e ,  
depend on a  p r e - e x i s t i n g  zone o f  weakness ( 6 1 ,  b u t  a rift may 
be a l s o  s e l f - p r o p a g a t i n g ,  which i s  caused  by t e n s i o n a l  f o r c e s  
w i t h i n  a  r i f t ,  e x t e n d i n g  t h e  r ift  and c a u s i n g  i t s  p r o p a g a t i o n  
outwards  a t  b o t h  ends  ( 3 ) .  T h i s  p r o p a g a t i o n  i s  f u r t h e r  f o r c e d  
by t h e  s w e l l s  caused  by t h e  m a n t l e  plume which i s  gu ided  by t h e  
major  zones  o f  l i t h o s p h e r e  weakness.  
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